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(S4)na« an UNDERWATER ELECIROSURCICALINSraUMENT 
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An elecoonifgical inniumeni. whidi is used for 
the otatmem of dssue in die presence of an elecnicallv. 
c^dueove fluid mediu.^ co«p,i«» «, i^,^ aZ, 

I 111 ^ at one end of the 

shafc TTie electrode assemMy (12) comprise* a lisrae 
treannent electrode (14) and a return elecmde (18) which is 
ei«™all, i«ulaw» fron ^ tissue treatinem eteed»te 1^ 
"» 'M'"»«ion member (16). n» ii,we ireatmem 
electrode (14) >s exposed at the distal end portionrffte 
IZi'^'J'"'- *e retun» electn*le (18) ha, a fl«5 
contaa surface spaced proximally from the exposed end 
of the Dssue neranem electrode by the insulatlobi^iAer 
(16). -nt exposed end of d« Uss«e ti«tmem elear^SHS 
«c««muted by a pl«ality of ti,«,e treumem filamenary 
el«rteaUy.cooduetive materiaU 
the filamenwy members being elecsically connected to a 
common eketrical supply conductor to a 
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AM UNDERWATER ELECTROSURGICAL INSTRUMENT 

This invemion reiaies to an eiecuosurgicai instrument for the treaunent of tissue in the 
presence of an dectricaUy conductive fluid medium, to eiectrosurgicai apparatus including 
5 such an instrument, and to an decirode unit for use in such an instrument. 

Endoscopic dectrosurgcry is useful for treating tissue in cavities of the body, and is 
noraallypeiibimedinthepresenceofadistensionmedium. When the distension medhmi 
is a fiquid. thb is commonly referred to as underwater decirosurgery. this term denoting 
dectrosurgery in which living tissue is treated using an dectrosurgical instnimcnt with a 
10 treaunent dectrode or decuodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in whidi a liquid medhim would be unsuhable. as 
is often the case in laparoscopic or gasiroemerolopcal surgery. 

15 Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itsdf may provide a conduit (commonly referred to as a working channd) for 
tfttpassaKofandectrode. Altcmativdy. the endoscope may be specifically adapted (as 
in a res^oscope) to indude means for mourning an dectrode. or the electrode may be 
HHToduced into a body cavity via a separate access means ai an angle with respect to the 
20 endoscope - a tedmique commonly referred to as triangulation. These variations in 
tedmique can be subdivided by surgical speoality. where one or other of the tecmuques 
haspaxricular advamages given the access route to the specific body cavity. Endoscopes 
with imegral working channds, or those diaracterised as resecioscopes. are generally 
employed when the body cavity may be accessed through a natural opemng - sud. as the 
ce.vicalcanaltoaccesstheendometridcav«yoftheutems.ortheurethratoaccessthe 

prostate gland «»d the bladder. Endoscopes spedficaUy designed for use m the 
endometrial cavity arc referred to as hysteroscopes. and those designed for use m the 
urinary tract indude cystoscopes. urethroscopes and resectoscopes. The procedures of 
a«««hal resection or vaporisation of the prostate gland are known as TURP and EVAP 
30 respecrivdv. When there is no natural body opening through whid. an endoscope may be 
passed.theted«iqueofuiangulationiscommonlyemployed. Triangulation is commonly 
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used during undcrwiter endoscopic surgeiy on joim cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
aithroscope. 

5 Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
insoument. With monopolar clectrosurgciy, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
anangemem. currem passes from the active electrode through the patient's tissues to the 
external return pjate. Since the patient represems a significant portion of the circuit, input 

10 power levels haveto be high (typicaUy 1 SO to 250 watts), to compensate for the resistive 
current iimttmg of the patient's tissues and. in the case of underwater electrosurgery. 
power losses due to the fluid medium ^yhich is rendered partially conductive by the 
presence of blood or other body fluids. Using high power with a monopolar arrangemem 
is also hazardous, due to the tissue heating that occurs at the return plate, which can cause 

15 severe skin bums. There is also the risk of capacitive coupling between the instrument and 
paiiem tissues at the entry poira imo the body cavity. 

With bipolar electrosurgery. a pair of electrodes (an active electrode and a renim 

electrode) are used together at the tissue application she. This arrangemem has 
20 advantages from the safety standpoint, due to the relative proximity of the two elecmjdes 

so that radio frequency currents are limited to the region between the eiectrodes. 

However, the depth of effea is directly related to the distance between the two eiectrodes; 

and. in applications requiring very small elecuwles. the imer-electrode spacing becomes 

very small thereby Kmhing tissue effea and output power. Spacing the electrodes fiuther 
25 apan wouU often obscure vision of the application site, and would require a modification 

in surgical technique to ensure cotrea comaa of both electrodes vrith tissue. 

There are a number of variations to the basic design of the bipolar probe. For example. 
U.S. Patem Specification No. 4706667 describes one of the fimdamentals of the design. 
30 namely that the ratio of the contaa areas of the renmi dectrbde and of the active electrode 
is greater than 7; 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
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cutting decttode configuraaons. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
approximately 1 . 1 to avoid diSerential electrical stresses occurring at the contaa between 
the tissue and the electrodes. 

5 

The electrical junction between the return decaode and tissue can be supported by wetting 
of the tissue by a conductive sohmon such as normal saline. This ensures that the surgical 
effea is limhed to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious limharions with the design 
10 is thai the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. AnoUier problem is one of the orientation: even a relatively smaU 
change in application angle from the ideal perpendicular contact with respect to the tissue 
satbet, wiB change the contact area ratio, so that a surgical effea can occur in the tissue 
in contaa with the return electirode. 

15 

Cavity distension provides space for gaining access to the operation site, to hnprove 
visuaBsation. and to aUow for manipulanon of insnumems. In low volume body cavities, 
paitiailarly where it is desirable to distend the cavity under higher pressure. Uquid rather 
than gas is more wmmonly used due to better optical chaiaoeristics. and because it 
20 washes blood away from the operative site. 

Convemional underwater deorosurgery has been performed using a non-conduaive Uquid 
(such as 1.5% glycine) as an irrigant. or as a distension medium to eBminate electncal 
conduoion losses. Oycine is used in isotonic concemrations to prevent osmotic dianges 
25 in the blood when imra-vasoilar absorption ocairs. In the course of an operation, vans 
n»v be severed, with resuhaminfiisionofthe liquid imo the drculatio^ 
among other things, a dUution of serom sodmm whidi can lead to a condhion known as 
water intoxication. 

30 The appliomts have found that it is possible to use a conduaive liquid medhim. sud» as 
normal saline, in underwater endoscopic elearosurgenr in place of non-conduaive. 
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deoroiyie-free solutions. Nonnal saline is the preferred distension medium in underwater 
endoscopic surgery when electrosureery is not comemplaied. or a non-eiectrical tissue 
eSea such as laser treatment is being used. Although nonnal saline (0.9%w/v. 1 50mmol/l) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
5 advantage that displacement by absorption or extravasation nrom the operative site 
produces little physiological effect, and the so-called w^aier imoxicatjon effects of non- 
conductive, dectrolyie-free solutions are avoided. 

Carbon dioxide is the preferred gaseous distension medium, primarily because of its non- 
1 0 toxic nature and high water solubility. 

In endoscopic procedures in which the distension medmm is a gas, the appUcams have 
found that it is possible to use an electricaHy-conduaivc gas (such as argon) in place of 
carbon dioxide. Argon is conductive when excited imo a discharge state, and has been 
1 5 employed in both endoscopic and conventional monopolar electrosurgery as a method of 
increasing the distance between the tissue and the instrument, by providing a conductive 
path between the two when high voltage electrosurgical ouputs such as spray or fiilguiate 
are being used. Tte high voltages used in this appUcation result in a very low penetration 
of the electrosurgical effea imo the tissue, making the technique only suitable to comrol 
20 bleeding from muhiple small blood vessels. This aUows the surgeon to stanch bleeding 
from multiple sites in a surgical v/ound using a rapid "painting" technique, rather than 
applying electrosurgery to each individual bleeding site. The argon gas is deUvered 
through a hoUow surgical instrument, and passes over the monopolar electrode exposed 
at the tip of the instrument as a stream. This produces a region at the operative site which 
25 is rich in argon, and which contributes to the distension of the body cavity. High vohage 
monopolar electrosurgical outputs are undesirable in endoscopic surgery, because of the 
risks of damaging strucnires outside the 6eld of vision, by either capadtive or direa 
coupling to a portion of the instrument remote from the operative site often outside the 
fieM of viaon of the operator. 

30 
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Tat appiicanis have developed a bipolar insiniment suitable for underwater eiectrosur^ry 
usina a conductive liquid or gaseous medium. This eiectrbsursical instrument for the 
ireatmem of tissue in the presence of a fluid mediuni. comprises an instmment body having 
a handpiece and an instrument shaft and an eiearode assembly, at one end of the shaft. 
5 The electrode assembly comprises a tissue treatmem electrode which is exposed at the 
exoeme distal end of the insimmem. and a return dectrode which is electrically insulated 
dom the dssue treatment electrode and has a fluid comaa sur£ice spaced proximaily from 
the exposed part ofthe tissue treatmem electrode. In use of the instrument, the tissue 
treatment dectrode is applied to the tissue to be treated whilst the return dectrode. being 
10 spaced proximaily from the exposed part ofthe tissue treatment dectrode. is nonnally 
spaced from the tissue and serves to complete an dectrosurgical current loop from the 
tissue ireaimeni dectrode through the tissue and the fluid ntedium. This dectrosurgical 
insinimem is described in the specification ofthe appHcants* co-pending British Patent 
Application No. 9512889.8. 

15 

The dectrode structure of this instrument, in combination with an dectrically conductive 
fluid medium largdy avoids the problems experienced with monopolar or bipolar 
decuosurgery. In particular, input power levds are much lower than those generaOy 
nccessaiy with a monopolar arrangement (typically 100 wans). Moreover, because ofthe 
20 relatively large spacing between its dectrodes. an improved depth of effect is obtained 
compared with conventiond bipolar arrangemem. 

The aim ofthe invention is to provide an improved dectrosurgical instiument of this type. 

25 The presem invention provides an dectrosurgical instrument for the treatment of tissue m 
the presence of an dectricaUy-conductive fluid inediuiii. the insirumem comprising an 
insnumem shaft, and an dectrode assembly at one end ofthe shaft the dectrode assembly 
comprising a tissue treatmem dectrode and a return dectrode whidi is dectrically 
insulaud fiom the tissue treatment electrode by means of an insulation member, the tissue 
30 treatment dectrode bdng exposed at the distal end portion of the instrumem. and the 
renan deaiode having a fluid conua surfece spaced proximaily from the exposed end of 
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the tissue treatment elearode by the msuiation member, wherein the exposed end of the 
tissue treatment eiectrode .s constituted by a plurauty of tissue treatment filamemaiy 
members made of an eiearically-conductive material, the ftlamemary members bem. 
electitcaUy conneaed to a common eiectrical supply conduaor. 

^ The return eiectrode is spaced from the tissue treaunent electrode so that, in use, it does 
«,t comaa the tissue to be treated, and so that the electrical circuu is always completed 
by the conductive fluid, and not simply by arcing between the electrodes. Indeed, the 
anan^emem is such that arcing between the adjacent parts of the electrode assembly » 

10 avoid«l, thereby ensuring that the tissue treatment electrode can become enveloped m a 
vaoour poclcet so that tissue entering the vapour pocket becomes the preferreo path for 
current to flow back to the return electrode via the conductive fluid. 

The electrosur^icai instnmient of the invemion is useful for dissecuon. resecdon. 
,5 vaporisation^d^ccationandcoagulationoftissueandcombinationsof^^^ 

^p^tiodarapplicaiioninhysteroscopicsurgicalprocedu^ Hysteroscopic openowe 
p„c«iuresm«r incl«dc: «K««lofsub«ucosai fibroids, polyps and maUgnam neoplasms; 
resection of congenital uterine anomalys such as sepnnn or subsepnm.; diviston of 
svnechiae (adhesiolvsis); ablarion of diseased or hypenrophic endometrial tissue; and 



20 haemostasis. 



U_ of .h. is uses., fo, *«co^ ™ 
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inoa-anicuJar adhesions, fraaure and tendon debridement as applied lo any of the synovial 
joims of the bodv. inducing thennal shrinkage of joint capsules as a treatment for recurrent 
dislocation, subluxation or repetitive stress injury to any arxicuiated joint of the body, 
disectomv either in the treatment of disc prolpase or as pan of a spinal fusion via a 
5 posterior or amerior approach to the cervical thoracic and lumbar spine or any other 
fibrous joim for similar purposes; excision of diseased tissue; and haemostasis. 

The instnmtent of the invemion is also usefal for dissection, resection, vaporisation, 
desiccation «,d coamJation of tissue and combmations of these nmctions with pamcular 
,0 application in urptogical endoscopic (urethroscopy, cystoscopy, ureteroscopy and 
neohroscopv, and percutaneous surgers. Urological procedures may include electro- 
vaoonsation of the prostate gland (EV AP) and other variants of the procedure comrnonly 
» as transurethral resection of the prostate (TURP) induding, but not hnuted to. 
.^crsdtial ablation of the prosute gland by a percutaneous or perurethral 

,5 performed for bemgn or maUgnam disease; tran^^ethral or pero^ 

^o^tnnnoursas they may ariseasprimary or secondary neoplasmsand^^ 

.hey may arise anywhere in the urological traa ftom the caWces of the ladney toU« 
for btokte n=ck dacenc exciw» of diseurf tto».; ««i h»»omm. 

visualisation means. 
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In a preSsrred embodimeni. a plurality of separate, individual filaments con^tute the 
fuameniary members. Advanugeously. the filamems each have a iengih lying within the 
range of from 0.5 mm to 5 mm. in which case the instrument is used for tissue removal by 
vaporisation. Preferably, the filamems each have a diameter lying within the range of from 
5 0.05 mm to 0.3 mm. 

Altenaiively. a single coiled filament constitutes the filamentary members, the coils of the 
filament constimtix^ the filamentary meiid)ers. 

1 0 Preferably, the filamentary members extend longitudinaUy firom the extreme distal end of 
me instrumem. .Mternativeiy. the filamentary menmers extend laterally through a cut-out 
formed in a side suriace of the insulation member adjacem to the ctistal end thoeoC 
ConvenienUy, ihe rcnim electrode is formed wnh a hood-Bke extension which extends over 
the surfice of the insulation mend)er which is opposhe the cut-out. 

15 

In another preferred embodiment, the filamentary members are mourned within the 
insulation member in such a manner that they are axially movable relative to the insulation 
member between a first operating posidoa in which they extend partiaUy firom the 
insulation member, and a second operating posidon. in which they extend fiiBy from the 
20 insulation member. In this case, the instrumem can be used for tissue removal by 
vaporisation when the fiiamenis are in the first operating position, and for desiccation when 
the filamenu are in the second operating position. 

Advantageously, the common electrical supply conduaor is a cemral conduoor, the 
25 insulation member surrounding the central conduaor. 

The filamcmary members may be made fi-om a precious metal such as platinum or from a 
platinum alloy such as plaiinunvlridium. platimim/nrngsten or platinum/cobalL The 
filameniaiy mcmoers could also be made of ningstea The insulation member may be made 
30 of a ceramic material silicone rubber or glass. 
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Where the fiiameniary members are separate individual filaments, they may each have a 
length lying within the range of from 5 mm to 1 0 mm. In this case, they may be made of 
stainless steel. 

5 In yet another preferred embodiment, the insulation member is formed with at least one 
wing, the or each wing extending distally from the insulation member to project beyond 
the tissue treamiem elearode. Preferably* the tnailation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an electrode unit for an electrosurgical instrument for the 
treatment of tissue in the presence of an decirically-conduciive fluid medhim. the electrode 
unit conxpriang a shaft having at one end means for connecdon to an instrument handpiece, 
and, mounted on the other end of the shaft, an electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated fi^om the tissue 

I S u e aun ent deorode by means of an insulanon member, the tissue treatment dectrode being 
exposed at the distal end portion of the instrument, and the return dectrode having a fluid 
contact surface spaced proximally from the exposed end of the tissue treatment dectrode 
by the insulation member, wherdn the exposed end of the tissue treatment electrode is 
consntuted by a phiraliiy of tissue treatment filamentary members made of an dectrically- 

20 conductive material, the filamentary members being dearically connected to a common 
dectrical supply conductor. 

The invention further provides electrosurgical apparatus comprising a radio frequency 
generator and an dectrosiwgical instnimem for the treatment of tissue in the presence of 

25 an d mrin!'y -TOnA'e>«vg fluid medhim. the instnmient comprising an instrument shaft, and 
an dectrode assembly at one end of the shaft the dectrode assembly comprising a tissue 
treatment dectrode and a renirn deorode which is decoically insulated from the tissue 
ireamsem decoode by means of an insulanon member, the tissue treatment dectrode being 
exposed at the distal end portion of the instrument, the renim decirode having a fluid 

30 comatt suffice spaced proximally from the exposed end of the tissue treatment dectrode 
by the insulanon member, and the radio frequency generator having a bipolar output 
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connecied to the eiectroces. v^herein the exposed end of the tissue treatment electrode is 
consiiiuied by a piurality of tissue treatment filamentary members made of an electrically- 
conductive material, the fiiamemary members being electrically connecied to me radio 
frequency generator by a common electric supply conductor. 

5 

Advantageously, the radio frequency generator includes comrol means for varying the 
output power delivered to the electrodes, the control means being such as lo provide 
output power in first and second output ranges, the first output range being for powenng 
the eleorosurgical instrument for tissue dessication, and the second output range being for 
10 powering the eleorosurgical instmment for tissue removal by vaporisation Preferably, the 
first output range is from about 1 50 volts to 200 volts, and the second output range ts from 
about 250 volts to 600 voiis. the voltage being peak voltages. 

The mvention will now be described in greater detail, by way of example with reference 
1 5 to the drawings, in wWch:- 

Figure 1 is a diagnunnmic side elevation of an elearode assembly at a distal end of a first 
form of elearode unit constructed in accordance vvith the invention; 

20 Figure 2 is a graph iilustraung the hysteresis which exists between the use of the electrode 
unit of Figure I in desiccating and vaporising modes: 

Figure 3a is a diagrammatic side elevation of the first elecuode umt. showmg the use of 
such a unit for tissue removal by vaporisation. 

25 

Figure 3b is a diagrammatic side elevauon of the first elearode unit, showing the use of 
such a unit for tissue desiccaiion; 

Figures 4a to 4c are diagrammatic side elevations of the elearode assembly of a second 
30 form of elearode unit construaed in accordance with the invention; 
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Figures. 5 a and 5b arc diagrammaiic side elevaiions of the electrode assembly of a third 
fom of electrode unit construaed in accordance with the invention; 

Figures 6a and 6b arc diagrammatic side elevations of the electrode assembly of a fourth 
5 form of electrode unit constructed in accordance with the invention; 

Fieures 7a and 7b are diagrammatic side elevations of a fifth fbnn of electrode imit 
constructed in accordance with the invention; 

10 Fiffurc & is a diagrammatic side elevation of a sixth form of elearode unit constiuaed in 
accordance with the invention; 

Figure 9 is a cross-seaion taken on the line A-A of Figure 8; 

1 5 Figure 10 is a diagrammacnc side elevation of a seventh form of electrode unit constructed 
in accordance with the invention: 

Figures Ma to lid arc diagrammatic side elevations of further forms of electrode unit 
constructed in accordance with the invention: and 

20 

Figure 12 is a diagram showing an elearosuruical apparatus construaed in accordance 
with the invention. 

Each of the elearode units described below is mtended to be used with a conductive 
25 distension mcdhmi such as normal saline, and each unit has a d^^^^ 

the conductive medium acting as a conduaor between the tissue being ueaied and one of 
the electrodes, hereinafter called the return elearode. The other electrode is applied 
direcdy to the tissue, and is hereinafter caUed the tissue treatment (active) electrode. In 
many cases, the use of a liquid distension medwm is prcfisrable, as it prevents cxccsshre 
30 elearode temperatures in most circumstances, and largely eliminates tissue sticking. 
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Referring lo the drawings. Figure 12 shows electrosurgical apparatus including a 
generator 1 having an output socket 2 providing a radio frequency (RF) output for an 
insnument in the form of a handpiece 3 via a connection cord 4 Activation of the 
generator I may be penormed from the handpiece 3 via a control connection in the cord 
S 4. or by means of a fooiswiich unit 5. as shown, connected separately to the rear of the 
generator I by a footswitch connection cord 6. In the Ulustraied embodiment, the 
fooiswitch unit 5 has two footswitcbes 5a and 5b for selecting a desiccation mode and a 
vaporisation mode of the generator I respectively. The generator front panel has push 
buttons 7a and 7b for respectively setting desiccation and vaporisation power levels, which 
10 are indicated in a display 8. Push buttons 9a are provided as an alternative means for 
sdeaion betv^cen the desiccation and vaporisation modes. 

The handpiece 3 mounts a deuchable electrode unit E. such as the electrode units El to 
El 1 to be described bdow. 

15 

Figure I shows the first form of electrode unit El for detachable fastening to U»e 
electrosurffcal instrument handpiece 3. the electrode unit comprising a shaft 10, which is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 12 at a distal end thereof At the other end 
20 inot shown) of the shaft 10. means are provided for connecting the electrode unit El to 
a handpiece both mechamcally and electrically. 

The RF s«enBor 1 (not shown in Figure I) delivers an electro-surgical currem to the 
electrode assembly 12. The generator inchides means for varying the delivered omput 
25 power to suit different elearosurgical requirements. The generator may be as described 
in the spedficarion of our co-pending British Patent AppUcation 9512888.0. 

The eleeoode assembly 12 mdudes a central tissue ueatmem (active) deetrode 14 in the 
foimofabnishelectrode. The active electrode 14 is conneaed to the generator 1 via an 
30 imegral cemral conductor 14a and a cemral copper conduaor (not shown, positioned 
witWnthehandpieceoftheinsmimem. The brush deetrode 1 4 is constituted by a phirality 
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of filaments of nmgsiea the Dlaments having diameiers lying in the range from O.OSmm to 
0.3mm. A tapered ceramic insulation sleeve 16 surrounds the conduaor 14a. A return 
electrode 18. which is constituted by the distal end ponion of the shaft 10. abuts the 
proximal end of the sleeve 16. An outer insulating coating 20 surrounds the proximal 
5 ponion of the shaft adjacent to the return elearode 18. The coating 20 would be 
poiyvinylidene fluoride, a polyimide. polytetraftxoroethylene. a polyole&n. a polyester or 
ethylene tetrafluoroethylene. 

By varyiiQ the output of the generator L the electrode unit £1 of Figure 1 can be used for 
10 tissue removal by vaporisation^ or for desiccation. Ftgure 2 illustnaes how the RF 
generator 1 can bt controDed to take advantage of the hystere^s which exists between the 
desiccation and the vaporising modes of the electrode imit El. Thus, assuming the 
dectrode assembly 1 2 of the unit El is immersed in a conductive medhim such as saline, 
there is an initial impedance "r" at point "O". the m^nitude of which is defined by the 
1 S geometry of the electrode assembly and the electrical conductivity of the fluid medwm. 
The yahie of "r" will charae when the active dectrode 14 contaas tissue, the higher the 
value of V the greater the propensity of the electrode assembly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medmm heats up. Assuming the fluid medium is nonnal saline (0.9% wAf), the 
20 temperature coefficient of the fluid medium is poauve. so that the corresponding 
impedance coefSdeni is negative. Tnus, as power is applied, the impedance initially falls 
and continues to fall with increanng power to point "B", at which poim the saline in 
intimate comaa v^th the elearode assembly 12 reaches boiling point. Small vapour 
bubbles fonn on the surface of the active dectrode 14 and the impedance then starts to 
25 rise. Afker point "B", as power is increased fiirther, the positive power coeffidem of 
impedance is dominant, so that increasing power now brings about increasing impedance. 

As a vapour pocket forms firbm the vapour bubbles, there is an increase in the power 
dasity at the residual decnpde^safine imer&ce. There is, however, an exposed area of the 
30 acdve dectrode 14 not covered by vapour bubbles, and tWs further stresses the interfccc. 
ptodudng more vapour bubbles and thus even tegher power density. This is a lun-away 
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condition, with an equiiibhum poim only occuning once the electrode is convleteiy 
envdoped in vapour. For given set of vaiiaWes. there is a power threshold before this new 
equilibrhim can be reached (point 'C"). 

5 The region of the graph between the points "B" and "C". therefore, represents the upper 
limit of the desiccation mode. Once in the vaporisation equilibrhim state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value depending on the system 
variables. The vapour pocket is then sustained by discharges across the vapour pocket 
between the active electrode 14 and the vapour/safine imer&ce. The m^ority of power 
1 0 dissipation occurs within this pocket, with consequent heating of the acuve electrode 14. 
The amount of energy dissipation, and the size of the pocket, depends on the output 
voltage. If this is too low. the pocket wnll not be sustained, and if it is too lu^ the 
elearode assembly 12 will be destroyed. Thus, in order to prevem destruction of 4e 
electrode assembly 12. the povirer output of the generator 1 must be reduced once the 
15 impedance has reached the point "D". It should be noted thai, ifthe power is not reduced 
at this point, the power/impedance curve wiU continue to cBmb and dectrode destniction 
would occur. The dotted line E indicates the power level above which electrode 
destroction is inevitable. As the power is reduced, the impedance fells umil. at point "A", 
the vapour pocket collapses and the dectrode assembly 12 reverts to the deaccation mode. 
20 At this point, power dissipation within the vapour pocket is insufficient to sustain it SO that . 
direct contact between the active electrode 14 and the saline is re-cstabUshed. and the 
impedance fells dramaiicaUy. The power denary at the active dectrode 14 also fails, so 
that the temperature of the saline falls bdow boiling point. The electrode assembly 12 is 
then in a stable desiccation mode. With the generator described in the specification of our 
25 co-pending British patent application 9604770.9. the output is 350 to 550 volts peak for 
the vaporisation mode, and about 170 volts peak for the desiccation mode. 

It wiU be apparem that the dectrode unit El of Figure I can be used for desiccation by 
operating the unit in the region of the graph between the poim "0" and a point in the region 
30 between the points "B" and "C" In this case, the dectrode assembly 12 would be 
introduced imo a sdeaed operation site with the aaive dectrode 1 4 adjacent to the tissue 
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10 be treated, and with the tissue, ihe active eiectrode and the return electrode 18 
immersed in the saline. The RF generator \ would then be activated fand cyclically 
controlled as described in the specification of our co-pending British patent apphcaiion 
9604770.9) to supply sufficient power to the elearode asscmby 1 2 lo maintain the saline 
S adjacent to the aaive electrode 14 at, or just below, its boiling point without creating a 
vapour podcet surrounding the active tip. The electrode assembly would then be 
manipulated to cause heating and dessication of the tissue in a required region adiaccm to 
the acdve electrode 14 The electrode unit El can be used for vaporisation in the region 
of the graph between the point "D" and the doited line F which constitutes the level below 
10 whidi vaporisation cannot occur. The upper pan of this curve is used for tissue removal 
by vaporisation, li should also be appreciated that the elearode unit El could be used for 
cutting tissue- In the cutting mode, the electrode unit El still operates with a vapour 
pocket but this pocket is much smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cutting. Typically, the generator 
1 5 operates at about 270 volts peak for cutting. 

The temperature generated at the aaive electrode 14 is of the order of 1500*^C in the 
vaporisation mode, so that the active electrode is made of a material that can withstand 
such high temperatures. Preferably, the aaive elearode 1 4 is made of tungsten, phmnum 
20 or a platinum alloy (such as piatinum/'iridium or platinum/tungsten). 

Figure 3a iUusiraics schematically the use of the electrode unit El of Figure 1 for tissue 
removal by vaporisation, Thus, the elearode unit El creates a sufficiently high energy 
deosicy at the active elearode 1 4 to vaporise tissue 2Z and to create a vapour pocket 24 
25 suiTOunding tiie active electrode. The formation of the vapour pocket 24 aeates about a 
lO-fold increase in comaa impedance, with a consequent increase in output voltage. Arcs 
26 arc created in the vapour pocket 24 to complete the circuit to the return electrode 18. 
tissue 22 which contacts the vapour pocket 24 will reprcsem a path of least electrical 
resistance to complete the circuit. The closer the tissue 22 comes to tiie active electrode 
30 14. the more energy is concentrated to the tissue, to the extent that the cells explode as 
thev are stmck bv the arcs 26. because xht renim path through tiie conductive fluid (saline 
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in this case) is blocked by the high impedance barrier of the vapour pocket 24. The safine 
solution also acts to dissolve the solid products of vaporisation. 

Figure 5b illustrates schematically the use of the eiearode unit El for tissue desiccation. 
5 In the desiccation mode, output power is delivered to the electrode assembly 1 2 in a first 
output range, so that current flows from the active electrode 14 to become heated, 
preferably to a point at or near the boiling point of the saline sohition. This creates smaU 
vapour bubbles on the surrace of the active electrode 14 that increases the impedance 
dboai the active electrode. 

10 

The body tissue 22 typically has a lower impedance than the impedance of the combmation 
of vapour bubbles and saline solution adjacent to the active electrode 1 4 When the acnve 
electrode 14 surrounded by small vapour bubbles and saline solution is brought into 
cootaa with the tissue 22. the tissue becomes pan of the preferred electrical current path. 
15 Accordingly, the preferred current path goes out of the active electrode 14 at the point of 

dssue contact, through the tissue 22. and then bade to the return electrode 1 8 via the saline 

solution, as shown by the currem path lines 28 in Figure 3b. 

The invention has particular appUcation in dessicaiing tissue. For tissue desiccating, one 
20 prefemsi approach is to contact only part of the active electrode 14 to the ussue 22. with 
the remainder of the active electrode remaining remote from the tissue and surrounded by 
saline solution, so that current can pass from the active electrode to the return electrode 
18 via the saline solution, without passing through the ussue. For example, in the 
embodiment shown in in Figure 3b. only the distal portion of the active dccirode 14 
25 coinacts the tissue 22. with the proximal portion remaining spaced away from the tissue. 

The invention can achieve deaccadon with no or miniinal charring of the tissue 22. When 
the active dectiode 14 comacts the tissue 22. cunem passes through the tissue, causing 
the tissue at. and around, the conuct point to desiccate. The area and volume of 
,30 desiccated tissue 30 expands generally radially outwardly from the point of contact. As 
the tissue 22 IS desiccated, it loses its conductiviiy. As the area and volume of desiccated 
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material such as stainiess steeL The fiiaments of the brush eiectrode 34 are much longer 
(1 0mm as compared with 5mm) than the filaments of the brush electrode 14. as the 
eiectrode unit E2 is intended primarily for desiccation. In this embodiment, the 
return:acitve ratio is variable from > 2:1 in the "closed" form to < 1:1 in the "splayed" 
5 form. The elearode assembly 32 also includes a ceramic insulation sleeve 36. a reoirn 
electrode 38 and an outer insulating sheath 40. The active electrode 34 is a brush 
elearode whose tip is flexible to provide a reproducible tissue effect wluch is substamialty 
independent of the application angle of the electrode with respect to the surnce of the 
tissue T (see Figure 4c). Thus, the flexibility of the active electrode 34 results in 
10 diSieremial contaa areas of the active electrode dependent on the applied pressure. For 
example. Figure 4a shows the brush elecvode 34 ''closed" during the appUcaxion of 
pressure, and Figure 4b shows the brush "splayed" by firm tissue pressure. This enables 
the creation of a broader surgical effect than the diameter of the elearode 34 would 
otherwise allow, thereby reducing v eatment time. Figures 4a to 4c also diow the return 
1 5 path P for the currem flow from the active electrode 34 to the return electrode 38 via the 
conductive medhim. 

This large variation in the retumiactive ratio is a feature which cannot be supported by 
convendonai bipolar designs. This variation in ratio can occur because the conductive path 
20 to complete the electrical circuit is maintained by the low impedance of the eiectrode 
contaa whh the conductive fluid operating merihmi. In order to sustain the low impedance 
transfer of RF energy to the tissues, the RF generator must be controlled in such a way that 
vapour pockets cannot form at the interface between the active electrode and the tissue. 
This allows the tissue contaa to be continually wetted by the conductive fluid so that 
25 whilst the tissue water is rernoved by thermal deaccatioru the iinpedancer^ 
linm dcterinined by a poira just bdow a voltage thredK>ld abov^ 
siantofiinn. Tliis, conAined with the greater insulation separauonberww 
return electrodes, enables this type of electrode unit to deUver much higher powers 
effectively to the tissue for a given elearode dimension than any known electrode unit. 

30 
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Figures 5a and 5b show the third form of dectrode unit E3 . This unit E3 is a modificaiion 
of the elecuode unit E2. and its elecirode assembly 42 mciudes an active eiecirbde 44 
which is consmuted by piuraiity of nlamems made of stainless steel. The aaive electrode 
44 is. therefore, a brush elecirode and the filaments of this electrode are of a similar length 
5 10 the filaments of the bnish elearode 32. The eiecirodc unit E3 is. therefore, intended 
primarily for desiccation. The electrode assembly 42 also includes a ceramic msulation 
sleeve 46, a return dectrode 48 and an outer insulating sheath 50. The insulation sleeve 
46 is made of a ceramic maerial and. like the insulation sleeve 16 of the elearode unit El. 
it upcrs towards the distal end of the electrode assembly 42. Figure 5a shows the 
10 elearode unit E3 m a non-operauonai position, and Figure 5b shows the unit in desiccaiii« 
mode against tissue T 

Figures 6a and 6b show a fourth form of elearode unit E4 whose elearode assonbly 52 
i„dudesane«msibleaaiveelearode54intheformofabiushelearode. Thefilamems 
15, of the bnish elearode 54 are made of tungsten, plaiimim, platinumMmgsten or 
platinumTiridmrn. The elearode unit E4 also includes a ceramic insulation sleeve 56. a 
return elearode 58, and an insulating sheath 60. As shown in Figure 6a. the active 
elearode 54 on be withdrawn subsiamially within the insulation sleeve 56 so that only the 
freeendponionsofttsfilamemsareexposed. With the aoive elearode 54 in this position. 
20 the elearode unit E4 can be used to vaporise tissue in the manner described above with 
rewencetoF.gure3. Ontheother hand, if the aoive elearode 54 is extended (see Figure 
6b). so diat its filam««s extend fiilly from the distal end of the sleeve 56. the electrode imit 
E4 can be used for dcsicotion. The ratio of the comaa areas of the raum to aoive 
deorodes of the unit E4 can, therefore, be varied baween the fidly retraoed aoive 
25 dearode posinoo (in which the ratio is high and the unit is used for vaporisation), and the 
exie«ledposhion (in which the rauo is low and the unit is used for desiccation). The «^ 

E4 achieves its dual fimaionaliry by varying the extern by which the filamoas of the aoive 
deorode 54 are extended. Dual fimaionality could also be achieved by varying »dal 
separation between the aoive dearode 54 and the roum dearode 58 (for exanple by 
30 vaiyingthereagthoftheinsulauonsieeve56). With a large extension ofthe filaments of 
the aahre elearode 54 or with a large axial elearode separation, a large elearic field « 
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created so thai more tissue is affected. With no extension of the filaments of the active 
electrode S4 or with a reduced electrode separation, a smaller electric field is produced, 
and is used for cuning or vaporisation in circumstances where no collateral thennai 
damage to tissue is desirable. The larger electric field pattern is desirable for desiccation. 
5 or in circumstances where the desiccation of coUaeral tissue is desirable to prcvcm 
haemorrhage from a cut surface. 

Depending upon the rado of the remm:active electrode area, therefore, the brush electrode 
of the invention can have a dessication function (as exemplified by the embodiments of 
1 0 Figures 4 and 5). a vaporisation nmaion (as exemplified by the embodiment of Figure 3), 
or a duai desiccation/ vaporisation function (as exemplified by the embodiment of Figure 

6). 

As indicated ;^ve, the primary use for the desiccaung brush is in providing a flexibie« 
IS broad area electrode for desiccating large irregular areas of tissue. The requirement to 
treat sudi areas occurs in hysteroscoptc surgery • desiccation of the endometrial hniag of 
the utenis, and in urologicai surgery • desiccation and shrinkage of bladder diverdcuiar. 
In both mstances, the electrode is introduced throi^ the working channel of the 
endoscope. 

20 

Introduction of the desiccating brush with a long and flexible, filamentary sirucwre can 
prove prc4)lematicai when the working channel of the endoscope is ai^ed or includes steps 
in the inner bore. This can deform the brush filaments which, once inserted, cannot be 
adjusted and may not conform to the area of tissue! to be treated. Bending back of the 
25 filffiwMtt^ may also inadvertently create an electrical short to the return electrode. 

WUsi preserving the desired fiinaions of flexibility and contact area geometry dependent 
on the pressure of appltcatioa the basic desiccating brush can be modified lo overcome 
tUs problem. For example, the brush filaments can be simply twisted together. Preferably. 
30 however, the filaments are welded together at their distal ends as shown in Figure 7 which 
shows a fiffli form of electrode unit ES. The decirodc unit ES includes an active electrode 
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64 in the form of a brush electrode whose filamenis are made of platmum, 
platinum/tungsten or platinum/tridium. The distal ends 64a of the filamems are welded 
togciher as shown in Fiiiure 7a This prevents distortion of the fUaroents in the working 
channel of an ouioscope. whilst permitting oowing of the filaments (as shown in Figure 7b) 
5 10 increase tissue coraaa area. The elearode unit E5 includes a ceramic insulauon sleeve 
66. a return electrode 68 and an outer insulating sleeve 70. 

In the dual fiinction brush elearode. the retumractive electrode area can be elevated to a 
level which is capable of producing tissue vaporisation. Obviously, with a very smatt active 
10 elearode area at the extreme of this range, the amoum of tissue which can be desiccated 
becomes too smaU to be practically useml. If. however, the ratio is configured in the mid- 
range, then the same electrode can be used to produce both effective desiccarion and tissue 
removal by vaporisation The shon brush described in Figure 1 is one example of such, a 
dual purpose electrode. Given that the filaments cannot be fabricated in stainless steel to 
15 support vaporisation, tungsten filamems are the preferred material in the short bnish due 
to their ri^dity overcoming the issues of distortion during introduction. Platinum alloys 
withstand the high vaporisation temperatures better than tungsten but, due to their 
nexibility and the annealing process during use. camtot be used in the short brush fbim. 
Platinum aUoy dual-fimction bnish-type elearodes. therefore, require the modifications of 
20 tvristing. braiding, or welding of the distal tips to prevent distortion. 

These combined rnulti-fimctional brush electrode forms are particularly usefiil iri removing 
nanour masses or polyps encoumercd during hysteroscopic and urological surgery. They 
can vaporise the tumour bulk, incise the stalks of polyps, and desiccate any bleeding 
25 vessels or the base of the tumour without the need to change electrodes. 

In these multi-fimctional forms, the active electrode area is maximised for desiccation 
whilsistillbeingcapableofvaporisationorcuningfunctions. The minimum ratio depends 
on foot important critera. namely . 

30 

1 The intrinsic impedance of the target tissue. 
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2. The vohime of the body cavity. 

3. The configuration of the active electrode. 

4 The maximum output power from the RF generator. 

5 The configuration of the active' electrode obviously inilucnces the ratio, with cylindrical 
forms representing the lov/est ratio for a given length, but the other faaors relate to the 
inability of the electrode to retain a vapour bubble. The filaments of the bnish-iype 
electrodes retain vapour bubbles, which helps maintain the vaporisation condition. 

10 An arthroscope electrode may be charaaerised as short (100-140mm). rigid with a 
workinc diameter up to 4mm. It can be introduced through a stab incision into a joim 
cavity (with or without a cannula) using the triangulation technique. When an arthroscope 
includes a brush dectrode of the type described above, it is operated with a motion which 
commonly moves the brush electrode between the 9 o'clock and 3 o'clock positions on the 
1 5 arthroscopic image. As a result, the tissue to be treated is commonly approached at a 
shaUow working angle vnth respea to the axis of the electrode. The electrode for 
aitfaoscopy thus needs to have an effea consistent with this ai^ed approach to the tissue. 
The tissue to be treated, such as meniscal canilage. is commonly dense and of a high 
clearical impedance, such tissue having a free edge representing a common injury sne 
20 where treatment is required. The drawback of known arthroscope elearodes which are 
soBd form decmxies is that, because the joira spaces are commonly smaU (the joint spaces 
in the knee being typically 60-100 mis under fluid distension), the vapour bubbles 
generated are large and tend to cause problems with visuaUsation. 

25 Figure 8 shows an arthroscope elearode unit E6 consmicied in accordance with the 
mvemion. The dectrode unit E6 indudes an active dectrode 74 which is constituted by 
a phirality of filaments made ofningsten or an aUoy of nmgsten or platinum. The acnvc 
(brush) electrode 74 is conneaed to an RF generator (not shown) via a ccnual copper 
conduaor (also not shown). A ceramic insulation sleeve 76 surrounds the central 

30 conduaor, the filaments 74a of die brush dearode passing along the insulation sleeve and 
extendmg laterally therefrom thnwigh a cut-out 76a. A renim electnjde 78. which is 
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consutuied bv the distal end of the insmimeni shaft, surrounds the proxinuii end of the 
sleeve 76. An outer msulatrng coating 80 (which would be poiyvinylidene fluoride, a 
polviinide. polytetrafluoroethylene. a polyolc6n. a polyester or ethylene 
tetiafiuoroethvlene) surrounds the proximal portion of the shaft adjacent to the return 
5 elecuode 78. The return electrode 78 is formed with a hood-Uke extension 78a which 
extends over the surface of the sleeve 76 which is opposite to the cut-out 76a. The 
clearode unh E6 can. thus, provide maximum tissue engagemem for shaUow working 
anme applications, and is known as a ade-effeci electrode. 

, 0 Because of the higher imt«lance of the target tissue, the arthroscopic multi-fimction brush 
electrode should suppon a lower ratio than elearodes designed for hysteroscop.c and 
urolodcal applications where the tissue is more vascular. Reducing the rauo doe^ 
howev'er have one drawback in body cavities of smaB volume, such as the knee jomt which 

is typically 60-80 mis. and that is heating of the surrounded irrigam or distension flmd. 
15 Heating occurs primarUy during the appUcation of power to reach the vap6r«at»n 
threshold. Oncethcthresholdhasbeenreached,thepowerrequireme«atyp.callyfi^by 
30.50% Reducing the electrode mtio increase, the power requirement to reach the 
U^old so that, despitethe hiuhimpedance of dteuirget tissue, it is undesirable to reduce 
the ratio to the lowest value capable of supportmg vaporisation. 

l„ addition, the hieh impedance is due to lack of vascularity of such tissues as meniscal 
cartilage. Except, therefore, when muscle or synovial tissue is being treated, the pnmary 
function of the athroscopic bn«h electrode is that it should provide rapid debulkmg of 
d«se. avascular tissue. Desiccate finxdonaUty is not a requirement of such an msmuneat. 
.5 indeed, verv short riyd brush electrodes with electrode ratios greater than 5,1 are 
desirable. The only reason for not elevating the ratio fimher is the need to engage the 
maximum amoum of tissue and simultaneously reduce procedure time. 

AshorvrigidbrushelectrodeCofthetypedescribedabovewithrefere^-^ 
30 Figure 6a) can be th«.ght of as an c„d-cffc« electrode which has us^ deb^g 
or'ecision with mimmal thermal spread. Consequemly. it can b. used to create oucrete 



RECnREDSHEET(RULE9D 



W097/24W4 PCT/GB97/00M6 ^ 

24 

holes in tissue, ihereby to create an access channel to tissue deep to the sut&ce. as may be 
required as pan of an imersiiiial ablation teciinique on a tissue mass such as a prostate 
adenoma or a uterine nbroid (myolysis). TWs use of a vaporising, end-effect, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 contorming to the "false capsule" of the fibroid. No normal tissue is removed and. due to 
control of collateral thermal effects at the endometrial reseaion margin, the scarrii^ is 
reduced to a imnimum. thereby inaeasing what chances there were of restoring fertility. 
Additbnaily, of course, vaporisation does not produce reseaion chippings to interfere with 
visualisation and prolong the procedure through the need to wash them out once the 
10 reseaion is completed. Conventional loop electrode reseaoscopes require removal of 
normal tissue surrounding such fibroids, and this is disadvantageous because it increases 
the diancc of bleeding, the risk of uterine perforation and the scarring of the uterus. This 
latter aspea is panicularly undesirable when the procedure is being performed in an 
attempt to restore fertility. 

15 

Alternatively, a shon, rigid brush electrode can be used to debulk a tumour (such as a 
fibroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
ptinaure or driBing technique. In this case, after removing the intrauterine portion, thei 
intramural portion can be treated by creating ("drilling") a series of holes into the abnormal 
20 tissue whether, for example, this is a fibroid or prostatic adenoma. To assess the depth of 
penetratioa marics may be provided on the electrode shaft at measured distances fi-om the 
np, and hence to compare the depth of penetration against the pre-operative resuhs of tests 

perfbimed to establish aze of the tumour or adenoma. The residual tissue bridges wiU 
shrink as part of the healing process. Whilst not removing the whole tumour, this 
25 technique is safer and quicker than removing the entire fibroid or prostatic adenoma, when 
tieatmem is being performed either for menorrhagia or bhuider outflow obstruction, 
respeoivdy. 

Another problem with working in the confined space of a joint cavity is in preventing 
30 damage to adjacem snuoures, partioUariy when the vaporising effea is enhanced, and 
both the tissue density and appticaiion angle make engagement and location difficult. This 
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pioteciion feanire is imrinsic in the side-etfea brush of Figure 8. when the insuiaiion sieeve 
76 proiects tissue Move, below and behind the active electrode window 76a which only 
occupies a small arc of the cross-sectional form (as shown in Figure 9). 

5 Figure 10 shows the electrode assembly of the seventh form of electrode unit E7. This 
electrode assembly includes a central, tissue u-catmem (active) electrode constinited by a 
plurality of filaments made of tungsten or an aUoy of tui^sten or platinum, a upered 
cenmic insularion sleews 86. a return electrode 88, and an outer insulating sleeve 90. The 
insulanon sleeve 86 is formed with a pair of (Bamenically-opposed, forwardly-extendiag 
10 wii^ 86a wWchprojeo beyond the active electrode 84. The filaments constin«ing the 
active electrode 86 extend only a short distance from the distal end of the insulation sleeve 
86. therdjy constituting a veiy shon famsh electrode. The electrode unit E7 has. therefore 
a large renimiaaive electrode ratio, so that this elearode unit is intended primarily for a 
tissue removal by vaporisation. The electrode unit E7 is particularly uscfiil for 
1 5 electrosurgical operations on meniscal canilage or any other elongate laminate stiucture 
which is to be treated from the side, as the wings 86a can be used to trap the canilage 
against the active electrode 84. The configuration of the wings 86a also assisu in 
preveming unnecessary exposure of the active electrode 84. which may otherwise damage 
adiacem stracnires when working in the . confined spaces commonly encountered in 
20 endoscopic surgery 

Figures U a to Ud show eighth, ninth, tenth and eleventh forms of electrode unit E8 to 
EH. each of which incorporates an active electrode in the foim of a coiled spring filamem 
94. The eleoiode units E8 to El I each inchides an insulation sleeve 96, a reniro electrode 

25 98 and an insulating sheath 100. The electrode unit E8 of Figure 1 la is similar to that of 
Figure Sa, being intended primarily for desiccation: and the electrode unit E9 of Figure 1 lb 
is similar to that of Figure I. being imended primarily for vaporisation. The electrode unit 
ElO of Figure lie is similar to that of Figures 8 and 9, in thai the coU electrode 94 is 
formed in a cutout 96a formed in the side of the insulaiioft sleeve 96. and the renira 

30 electrode 98 is formed with a hood-like extension 98a which extends over the surfiu* of 
the sleeve 96 which is opposite to the cut-out 96a. The electrode unit ElO can. thus. 
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provide maximum tissue engagemem for shallow workinu angle applications, and is 
another form of side-efFea elearode. The electrode unit El 1 of Figure I Id is similar to 
that of Figure 10. in that the insulation sieeve 96 is formed with a pair of diametrically- 
opposed, forwardly-extending wings 96b. In each of these embodimoits, the active 
S electrode 94 is made of an alloy of platinum. 

The electrode units E8 to El 1 are similar to the biush*type electrodes of Figures 1 to 10, 
and have simiiar surgical eSects. apan from the faa that they eliminate the risk of splaying 
(which is advantageous in certain electro-surgical procedures). They have, however, the 
i 0 advantage of Amplifying the assembly procedure, particularly when usii^ platimun alloy 
materials. 

It will be apparent that modification could be made to the electrosurgical tostmrnents 
described above. For example, the insulation sleeves 16, 36, 46, 56, 66, 76, 86 and 96 
1 5 could be made of a silicone rubber (such as a alicone polyurcthene), glass, a polyimide or 
a thennoplastics material. 
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ri-AIMS 

i. An eiearosurgicai insiniment for the treatment of tissue in the presence of an 
dectrically-conduaive fluid mediunj. the instrument comprising an instniment shaft, and 
5 an elearode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatmem electrode and a return electrode which is eleorically insulated from the tissue 
treatment decirode by means of an insulation member, the tissue treatmem electrode being 
exposed at the distal end portion of the instrument, and the return electrode having a fhlid 
comaa surface spaced proximally from the exposed end of the tissue treatment electrode 
10 by the insulation member, wherein the exposed end of the tissue treatment elearode is 
constimted by a phirality of tissue treaunent filamentary members made of an eicorically- 
conduaive material the filamentary members being electrically com»eaed to a common 
elecihcal supply conductor. 

15 2. Mdeorosurgicalinstnimem as claimed m claim 1. wherein a plundity of sep^^ 
individual filaments constiniie the fUameniary members. 

3. An eiearosurgicai instrument as claimed in claim 2. wherein the filamenu each 
have a length lying within the range of from 0. 5 mm to 5 nun. 



20 

4. 



An eiearosurgicai instrument as claimed in claim 2 or claim 5. wherein the 
fdaments each have a diameter lying within the range of from 0.05 mm to 0.3 mm. 

5 Anelean>sur«calinstnm.emasdaimedindaiml.whereina^^^ 

25 consdmtes the filamentary members, the coils of the filament constimting the filamemary 
nieDibers. 

6 AnelearosurmcalinstmmentasdaimedinanyoneofclaimsltoS.whereinthe 
fibaemaxy members extend longitudinally from the extreme distal end of the insmunent. 

30 
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- decuosur^cal instrument as claimed in any one of claims I to 5, wherein the 

flamerttary members extend laterally through a cut-out fomed in a side surface of the 
insulation member adiacem to the distal end thereof 



5 8 



, ^n electrosurtrical instrumem as claimed in claim 7. wherein the return electrode 
,s formed with a hood-like extension which extends over the sur«ce of the insulation 
member which is opposite the cut-out. 

9 An electrosur«ucal instmmem as claimed in any one of claims 1 to 6. wherein the 
,0 filan«ntaormembersaremoumedwithin.heimulauonmemberinsuchama««rth^ 
arc axiaUy movable relative to the msulation member between a first operating posmon. 
in ^hich they extend partially from the insulation member, and a second operating postuon. 
in vrtiich they extend folly from the insulation member. 
15 10 A«dectrosurgicalinstmmemasdaimedinanyoneofclaimslto6,whe«ntte 
insulation member is formed with at least one win^ the or each wing extending d«iaily 
from the insulation member to project beyond the tissue treatment electrode. 

„. An elearosurgical instrumem as claimed in claim 10. wherem the insulad^^ 
20 member is formed with a pair of diametrially-opposed wings. 

,2 Anelectrosunricalinsaumemasctaimedinanyoneofclaims I to U.whcreinthc 
common electrical ;.pp.y conductor is a central conduaor, the initiation member 
surrounding ihe central conduaor. 

platinum/tungsten or platinum/cobalt. 
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15. .^n electrosurgical insirumem as ciaimed in any one of claims I to 12. wherein the 
filamentary members are made of tungsten. 

16. An electrosurgicai instniment as claimed in claim 2. wherein the filaments each 
5 have a length lying within the range of from 5mm to 10mm. 

17. An eiearosurgical instrument as ciaimed in ciaim 16. wherein the filaments are 
made of stainless steeL 

10 18. An decirosurgical instrument as claimed in any one of claims I to 1 7. wheran the 
insulation member is made of a ceramic material. 

19. .^n electrosurgical instrument as claimed in any one of claims 1 to 17. wherein the 
insulation member is made of ulicone rubber. 

15 

20. An electrode unit for an electrosurgical instrument for the treatmem of tissue in the 
presence of an electrically-conductive fluid medhmu the electrode unit comprising a shaft 
having at one end means for conneaion to an instrument handpiece, and. mounted on the 
other end of the shaft, an clearode assembly comprising a tissue treatmem electrode and 

20 a return electrode which is electrically insulated from the tissue treatment elearode by 
means of an insulation member, the tissue treatmem electrode being exposed at the distal 
end portion of the instrument, and the return electrode having a fluid comaa suifcce 
spaced proximaUy from the exposed end of the tissue treatment electrode by the insulation 
member, wherein the exposed end of the tissue treatment elearode is constittited by a 
25 plurafity of tissue treamicm filamentary members made of an electricaUy-con*icrive 
material the filamentary members being electiicaUy comieaed to a common electrical 
supply conductor. 

21. Beorosurgical apparatus comprising a radio frequency generator and an 
30 electrosurgicai instrument for the ueatment of ussue in the pressure of an electrically- 
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assembly ai one end of ihe shaft, the elearode assembly comprising a tissue ireaxmcni 
elcarode and a return electrode which is eiecirically insulated from the tissue treaunent 
eieorode by means of an insulation member, the tissue treatment elcarode being exposed 
at the distal end ponion of the instmmenu the return electrode having a fluid contact 

5 surface spaced proximally from the exposed end of the tissue ueatment electrode by the 
insulation member, and the radio frequency generator having a bipolar output connected 
to the electrodes, wherein the exposed end of the tissue treatment electrode is constituted 
by a plurality of tissue ireaiment filamentary members tnadc of an eicctrically-conduciive 
material the filamentary members being electrically conneaed to the radio frequency 

10 generator by a conmton electric supply conductor. 

22. Apparatus as claimed in claim 21. wherein the radio frequency generator includes 
control means for varying the output power delivered to the electrodes. 

15 23. Apparams as daiined in claim 22. wherein the control means is such as to pro^^^ 
output power in first and second output ranges, the first output range being for powering 
the g|ffCTn?^Tr?^> instrument for tissue dessication, and the second output range being tor 
powwing the electrosiirgical instiumem for tissue removal by vaporisation. 

20 24. Apparatus as claimed in claim 23. wherein the first output range is from about 1 50 
volts to 200 volts, and the second output range is from about 250 volts to 6Q0 volts, the 
voltage being peak voltages. 
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Fig.4a. Fig.4b. Fig.4c. 
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